Colostrum contains soluble and cellular components, the latter mainly T lymphocytes. We expanded in vitro colostrum T lymphocytes (CoTL) to evaluate phenotype and capability of cytokine production. We also considered paired cord blood T-Iymphocytes (CBTL) representing the newborn "virgin" immune system. CoTL showed memory phenotype while CBTL expressed mainly naive phenotype. CoTL included a balanced percentage of helper and cytotoxic subsets. We observed higher percentages of IL-2 (p=O.003) and IL-4 (p=O.027) producing cells by helper rather than by cytotoxic T lymphocytes. The greatest percentage of IFN-y producing cells was in cytotoxic cells (p=O.0048), while no difference was found for IL-IO. Cord blood samples consisted of a statistically significant greater percentage of helper than cytotoxic cells (p<O.OOl), with a low percentage of cytokine producing cells, confirming the immaturity of the newborn's immune system. CBTL percentage of IL-2 producing cells was higher for helper than cytotoxic subset (p<O.OOl). We observed a greater percentage of IFN-y (p=O.OOl), IL-4 (p=O.003) and IL-IO (p<O.OOl) producing cells by cytotoxic than helper T lymphocytes. CoTL demonstrated to protect the newborn through the mother's previous immune experience and to supply active cytokines, which can help the postnatal development of both T type liT type 2 response.
addition, human milk, particularly colostrum, is rich in cellular components, about 4 x l09leukocytes/liter consisting of macrophages (40-50%), neutrophils (55-60%) and lymphocytes (5-10%) . Specifically,the lymphocytes are principally represented by T cells (80%) (7) (8) (9) (10) . Animal studies have demonstrated that milk leucocytes survive passage through the infant's gastrointestinal tract where they adhere to the epithelium, or may even cross the mucosa into the neonatal circulation and systemically influence the infant's immune response (l 0-12). It is therefore possible to hypothesize that milk-derived T cells and their products provide direct immunological help to the infant's immature immune system, and even transfer and drive immunological information to the newborn's immune cells (13) .
It is well known that T cells present two distinct immune responses related to the patterns of cytokine production: type I T cells, mainly involved in activating macrophages and cell mediated immune response, and type 2 T cells, mainly responsible for antibody production, eosinophil activation, inhibition of some macrophage functions, and tolerogenic responses (10, (14) (15) (16) (17) . We investigated in vitro expanded colostrum T lymphocytes (CoTL) and paired cord blood T-1ymphocytes (CBTL) immediately after birth to verify the effort by colostrum in integrating the immature newborn immune system.
MATERIALS AND METHODS
This study was approved by the Bioethic Committee of the Fondazione IRCCS Policlinico San Matteo, Pavia, Italy. Written informed consent was obtained from all the mothers prior to enrolment. Twenty-seven healthy mothers fully complied with the inclusion/exclusion criteria and correctly attended the study. Eligibility criteria included breastfeeding mothers who delivered full term healthy newborns by vaginal (72%) or Cesarian section (18%) following a normal pregnancy. We excluded mothers suffering from any pathologies.
Colostrum lymphocytes isolation
Thirty ml of colostrum were collected from 27 healthy women by manual expression into sterile tubes, 3-5 days after a normal full-term delivery. Samples were processed in 3 hours from collection, applying a modification of the Saito's technique (20) . Briefly, colostrum lymphocytes, obtained by density gradient centrifugation through Ficoll-Hypaque (Lymphoprep Nycomed Pharma, Oslo, Norway), were resuspended in RPMI 1640 (Gibco, Life Technologies, Paisley, Scotalnd) 20% heat inactivated calf serum (Gibco), 2 mmollL L-glutamine (Gibco) and I ml/L gentamicine (Gibco) (complete medium). Colostrum lymphocytes were then plated in flat-bottom 24-well plates (Costar, Cambridge, MA, USA) and incubated overnight at 37°C in 5% CO, to deplete monocytes and/or macrophages.
-
Cord Blood T lymphocytes
Mononuclear cells from umbilical cord blood were isolated by Ficoll-Hypaque density gradient centrifugation and then a selection ofT lymphocytes was made, as reported in the "Flow cytometry of CoTL and CBTL" section.
Colostrum T lymphocytes culture
Applying a modification of the technique of Avanzini MA (18), CoTL were cultured in flat-bottom 96-well plates at a concentration of Ix IO'cells/well in 100 ul of complete medium until a minimum of 2x I0 6 cells were counted.
Flow cytometry ofcon and CBn
The monoclonal antibodies (mAbs) used to characterize CoTL and CBTL surface phenotype included fluorescein isothiocyanate (FITC), phycoerythrin (PE) or peridinin chlorophyll protein (PerCP) -labeled anti-CD3, anti-CD4, anti-CD8, anti-CD45RO and anti-CD45RA molecules (Becton-Dickinson, Milan, Italy). Appropriate isotype-matched controls were included.
Cytofluorimetric analysis was performed with a FacsCalibur instrument and analyzed with CellQuest software (Becton Dickinson). T Lymphocytes were therefore identified by FACS staining using anti-CD3 which binds only T cells.
Intracellular cytokines staining
For cytokine detection at the single cell level, CoTL and CBTL were activated by Phorbol 12-myristate-13acetate 25 ng/ml (PMA, SIGMA, Milan, Italy), then cells were stained with anti-CD3 PerCP to identify T lymphocytes and anti-CD4 FITC (helper) or anti-CD8 FITC (cytotoxic). The cells were fixed and permeabilized (Fix and Perm solution,Walter Occhiena, Torino, Italy), afterward stained with anti-IL2 PE, anti-IL4 PE, anti-ILIO PE, anti-IFNy PE mAbs (Becton Dickinson). Cells were analyzed with FACSCalibur flow cytometry with CellQuest software (Becton Dickinson).
Statistical analysis
The data are presented as percentage of producing 
RESULTS
Twenty-seven samples were collected but only 20 colostrum and cord blood paired samples were used for the study. Seven colostrum samples were contaminated by bacteria due to the inexperience of the mothers (mean age: 28.3 years ± 4.9 SD) in collecting milk. After the in vitro expansion, CoTL showed 100% memory (CD45RO+) phenotype while the CBTL expressed 13% of memory CD45RO+ phenotype and 87% naive (CD45RA+) phenotype.
We reported an example of flow cytometry analysis of paired colostrum (Fig. 1A) , cord blood (Fig. 1B) memory and naive T lymphocytes. CoTL consisted of helper, CD3+CD4+, (42.6% ± 27.1, mean ± SD) and cytotoxic cells, CD3+CD8+ (48.8% ± 25.4, mean ± SD). A slightly higher proportion of the cytotoxic lymphocytes was reported, but the difference was not statistically significant ( Fig. 2A) .
The percentage of different subset and relevant cytokine production by helper and cytotoxic CoTL is reported in Fig. 2A . A higher percentage was observed of IL-2 (p=0.003) and IL-4 (p=0.027) producing cells by helper rather than cytotoxic T lymphocytes. The greatest percentage of IFNy producing cells was found in cytotoxic cells (p=0.0048), while no difference was found for IL-10 producing cells. Greater production of CoTL was represented by pro-inflammatory cytokines (T type 1 cells).
On the other hand, CBTL demonstrated a lower percentage of cytokine producing cells. In detail, CBTL consisted of a statistically significant greater percentage of helper (72.4 % ± 8.6, mean ± SD) than cytotoxic cells (20.1% ± 4.5, mean ± SD, p<O.OOl), with a low percentage of cytokine producing cells. The percentage of lL-2 producing cells was higher for helper than cytotoxic subset (p<O.OOl). A greater percentage was observed for IFN-y (p=O.OOl), IL-4 (p=0.003) and IL-1O (p<0.001) production by cytotoxic rather than helper T lymphocytes. All the described data are reported in Fig. 2B . Moreover, a flow cytometry image is shown of a CoTL sample where the helper and cytotoxic intracellular cytokines staining is reported in Fig. 3 . 
. A) Subset of CoTL as percentage of helper (CoTL CD4) and cytotoxic (CoTL CD8) cells and related percentage ofcytokines producing cells (Mean ± SD). B) Subset ofCBTL as percentage ofhelper (CBTL CD4) and cytotoxic (CBTL CD8) cells and related percentage of cytokines producing cells. reported as Mean ± SD.

DISCUSSION
After culturing T cells, and in accordance with other authors, we confirmed that CoTL mainly belong to the memory subset. These cells constructed their specific phenotype from mother's encountered antigens (19) (20) (21) . On the other hand, our results demonstrate that the phenotype of CBTL, representing the newborn "virgin" immune system, is composed mainly of naive cells. In fact, neonates have been reported to be less efficient in responding to pathogens (1-2, 22), therefore we can hypothesize that there is a compensatory mechanism between the mother-offspring dyad. Colostrum-rich immunological memory surface protein, (CD45RO+) can aid the suckling infants to build their defense to environmental factors. In fact, CoTL adhere to the gastrointestinal mucosa and migrate across the blood circulation, where they remain immunologically active. Moreover, these cells have been isolated in feces from infants fed human"tn'ilk (10-'1'2, . Our results show that CoTL are composed of helper and cytotoxic subsets with a great percentage of cytokine producing cells, mainly providing proinflammatory mediators. Colostrum had the highest number of active lymphocytes with the respect to mature milk (10) . In the first days of life, when the newborn's immune system is typically immature , the neonate receives cytokine producing T cells by lactation (6) (7) 13) . Colostrum lymphocytes demonstrated to be capable of an important type I T cell response producing IFNy and IL-2. On the other hand, we considered that cytokine production by CoTL is low, except for IL-2 production , therefore, CoTL can also act locally as secreting proinflammatory cytokines. The data highlights that the newborn's immune system impairment, in particular regarding type 1 T cell function, is efficiently covered by breast milk feeding during the early days of life. In fact, it has been reported that the newborn displays a preferential T helper type 2 cytokine response, which is antibody dominant, as opposed to a cellmediated cytokine-mediated T-helper I response (25) . Nevertheless, our data show a considerable IL-4 production by helper CoTL. IL-4 is one of the main type 2 T cell cytokines which primarily induces B-cell differentiation (26) . Considering the variety and the great amount of cytokines in colostrum, we can speculate that there is a balance in the T type 1IT type 2 subset that can aid T type 1 response, but also ameliorate the T type 2 production. Our results confirm, in addition, the presence of IL-l 0 cytokine both in CoTL and CBTL. This cytokine is essential to the maternal tolerance of the foetus, and it exerts a protective action for the developing intestinal cells of the newborn. Moreover, it has an additive effect with IL-4 in activating B neonatal lymphocytes (27) (28) (29) .
Colostrum therefore demonstrated to contain memory T lymphocytes to protect the newborn through the mother's previous immune experience and to supply high levels of T lymphocytes producing cytokines, in particular IFN-y, that actively defend the offspring. Moreover, colostrum can help the postnatal development of both T typel/ T type 2 responses. Therefore, breastfeeding should always be encouraged, not only for nutritional reasons but mainly because of its immunological properties.
